Abstract-A solar module is exposed to numerous factors which influence the total yield. Besides the yield being dependent on both the installed technology and placement conditions, some parameters have a direct effect, others have an indirect influence on the actual output. In this study the yield is predicted as a function of both technological and climatic factors. To evaluate the impact of a single parameter, data of a photovoltaic test field with four different technologies and three different test set ups is analyzed to distract an equation for the instantaneous yield of a string of solar modules. An expression is derived to determine the yield based on the ambient temperature instead of the much used panel temperature. This study does not calculate the total yield of the PV system nor does it take into account invertor efficiencies. The yield is calculated at DC side.
I. INTRODUCTION
The yield of a solar module depends on numerous factors, both technological and environmental [6] . The technological parameters such as efficiency, area per kilowatt-peak (kW p ), temperature coefficients on Maximum Power Point (MPP) Power, short circuit current and open circuit voltage are typical for each technology . There are numerous climatic parameters that have a direct or indirect influence on the yield of a solar module. The ambient temperature and the irradiation are the most important factors on the module temperature [1] , [2] , [8] . Next to these important factors wind speed, pollution, degradation, shadow and humidity have a smaller influence on the yield of the panel [4] , [5] , [6] .
In literature [3] expressions can be found to predict solar yield based on several external parameters. These use the panel temperature as one of the parameters. In the major part of the installations panel temperature is not measured what makes it impossible to use in solar prediction formulas.
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temperature because ambient temperature measurements are widely available. This study will evaluate the gathered data to obtain an equation that estimates the instantaneous yield as a function of the logged parameters to verify the accuracy when using ambient temperature as a parameter. The calculated yield is the yield at the DC-terminals, consequently the efficiency of the inverter is not taken into account. The accuracy of the proposed equation will be tested by comparison between calculated yield and measured data. Based on this equation the impact of each parameter on the yield is determined. With this knowledge, the impact of the most important factors can be optimized in order to maximize the yield for different technologies.
For this study, five minute data over more than one year is available from a photovoltaic test installation with four different technologies, namely polycrystalline, monocrystalline, micro amorphous silicon and monomorphic solar modules. Monomorphic is a compound name for a solar cell who is made of a thin monocrystalline silicon wafer surrounded by ultra-thin amorphous silicon layers (HIT, Heterojunction with Intrinsic Thin layer). These technologies are installed in two setups. The first is an open mounting structure to simulate an installation on a flat roof. The second is a closed mounting structure to simulate an installation on a sloped roof. Polycrystalline and micro amorphous modules are also placed on a double tracking system. In total there are ten strings of solar modules of approximately 1 kilowatt-peak. Each string is connected to an identical inverter.
II. METHOD

A. Introduction
Monthly data has been analyzed for a total period of one year, starting from September 2010 up to August 2011. All results are specified by month. For each setup, module temperature (°C), generated DC power (W), date, time, ambient temperature (°C), wind speed (m/s) and irradiation (W/m²) of both the fixed and tracker setup are logged approximately every five minutes. In order to compare the different technologies, all power values are referenced to 1kW p . In order to predict future yield, there is need for an equation which takes into account the climate factors which are logged and technological factors from the datasheets. 
B. Prediction module temperature
The module temperature is an important parameter. First, an equation is determined to predict the module temperature as a function of the logged climatic parameters. This equation is then used in the final formula of the instantaneous yield. Equation (1) gives the expression to predict the temperature of a panel. (1) Where is the ambient temperature, E is the irradiation and V is the wind speed. Parameters express the influence of each parameter. These parameters are determined based on the yield data. The temperature values are converted to Kelvin to avoid problems with negative temperatures during winter. The module temperature is slightly lower than the ambient temperature this due to the position of the temperature sensor. So in summer, the impact factor x is slightly lower than 1 and inverse during winter because of the negative values of temperature.
In Fig. 1 is explained why the conversion to Kelvin is necessary. In equation (1), the module temperature is expressed as a function of the ambient temperature. Assume factor x having a value of 0.9, in summer the expression gives no problems to predict module temperature. In winter factor x gives wrong results for the module temperature, as can be seen on the figure. To determine the impact of each parameter, a selection of the data is made to exclude the influence of other parameters as much as possible.
1) Impact of the ambient temperature
The selected data to determine the impact of the ambient temperature are only moments without irradiation. From this first selection, moments where module temperature is higher than ambient temperature are also unusable because the module is heating up the environment at this moment.
From the selected data, the relation between the ambient and module temperature is expressed in a graph where the temperature of the panel is set as a function of the ambient temperature. A trend line through the points is the best representation for all data. The correlation coefficients of two different trend lines were evaluated. The linear regression gives similar results for correlation coefficients in comparison with the polynomial trend line. (Fig. 2) 
Fig. 2. Impact module temperature
The full black line on Fig. 3 is a linear function with equation , this is the border of the module temperature under the influence of the ambient temperature. Without other factors, the module can't adopt a higher temperature than the ambient temperature. To calculate the impact of the ambient temperature on the module temperature, first the minimum and maximum ambient temperature are determined out of the data selection, these are respectively numbers 1 and 2 on Fig. 3 . The expression of the trend line calculates the corresponding module temperature, numbers 3 and 4. The impact is then calculated as the ratio of 5 to 6, which are respectively the averages of 1, 2 and 3, 4. The impact of the ambient temperature gives in general values slightly larger than 0.99. Further in the study this value is rounded to 1. By rounding, the fault made is less than 1%. This is comparative with an equation found in literature (2) [1] . The impact of ambient temperature is also 1. (2) Because this formula uses a technological factor (Nominal Operating Cell Temperature) to describe the impact of irradiation, it will also be used in the final formula to compare the results with the determined formula (1).
2) Impact of irradiation
The impact of irradiation on the module temperature is determined with another selection of data, only moments when power is produced are selected. To partly exclude the impact of the ambient temperature, the data is used in intervals of ambient temperature. For intervals of 5K, panel temperature is plotted as a function of irradiation (Fig. 4) . A linear and a polynomial trend line are evaluated, but the difference in correlation is small enough to choose the simpler linear expression. Only the slope of the trend line is important, this characterizes the impact of irradiation [7] . The parameter 294,5 of the linear regression expression is the ambient temperature, which provides a base temperature of the panel. Finally, the average of the parameter determining the slope per interval determines the final parameter of the slope for that month. 
3) Impact wind speed
The impact of wind speed is difficult to determine because this is a non-seasonal parameter. Because of that, all data of the year is used at once to determine the impact. The selection consists of moments when the ambient temperature is between 25 and 30 °C and the irradiation between 900 and 1000 W/m². These conditions are to be considered warm so the impact of wind speed would be clear. No correlation is found in the plot. In [4] and [5] some values are suggested to express the wind impact. In this study a value of is used to express the impact of wind speed what means that the module cools down 1.45°C per meter per second wind speed. In other literature [9] there are more detailed formulas, but useless here because the wind speed is taken into account in the irradiance factor.
There are more factors with influence such as wind direction and air humidity [8] but are not taken into account in this study because this data is not available.
4) Module temperature prediction
The accuracy of equation (1) is evaluated by comparing the predicted values with the actual logged values, both with and without wind impact. The formula where the impact for wind speed is included gives less good results, so this factor can't be used in this equation. In further evaluation the wind speed is not taken into account.
The actual values without wind are plotted as a function of the predicted values on Fig. 6 . Three trend lines are evaluated on correlation to obtain the best expression for all values. The linear regression through the origin, for the formula without wind impact, the correlation coefficient gives comparative results for the three types of trendlines. Because the slope of the linear trend line is almost equal to 1 (0.9964 on Fig. 6 ), no extra parameters are needed.
The formula (2) with the technological parameter NOCT is also evaluated in the same manner. The correlation for the trend line through the origin is lower than the own formula. This means that the expression is less accurate but can still be used in the final equation for the power because of the simplicity. In case that no climatic data is available, this is a good alternative for yield predictions. 
C. Prediction instantaneous yield
To predict the instantaneous DC power ( ) of solar modules, an equation was made and confirmed in literature [3] . Equation (3) gives the expression with the used factors. (3) Where is the efficiency, is the area per kW p , is the transmission ( ) -absorption ( ) factor and is the temperature coefficient of MPP Power. The factor is replaced by the equations as mentioned before (1) and (2) . The evaluation of this formula is done in the same manner as the formula for module temperature. The technological parameters are included in the datasheets, except the transmissionabsorption factor. This factor is 0.9 for the fixed setups, 1 for the tracker. The transmission-absorption factor is a constantly varying parameter for the fixed setups. This is due to the position of the sun. Because irradiation doesn't reach the panel at an angle of ninety degrees, the light is broken by the protection glass plate of the solar panel (Fig. 7) . This refraction causes reflection of light. Also the solar cells doesn't capture all the incoming light. Because of no information of this factor, it has a fixed value of 0.9. The tracker captures the light at an angle of ninety degrees, consequently there's no reflection of sunlight, so the factor is 1.
The accuracy of the values calculated with formula (3) is verified in the same manner as for module temperature (Fig.  8) . Again, three different trend lines are evaluated. This control is done for each month, for each technology and for each setup. The correlation of each trend line are almost equal to each other. The correlation for these predictions is averaged 0.94, which is certainly acceptable. To evaluate the precision, the slope of the linear trend line through the origin is important. The closer the slope is equal to 1, the more the formula is accurate. To make conclusions for a technology in a certain setup, the average of the entire period, except December, is calculated. The results of December are neglected because of the numerous snow days.
When combining the formula for temperature influence (1) (without wind factor) and instantaneous DC yield (3) following expression can be derived. (4) III. RESULTS
A. Prediction module temperature
Using the method described above, the slopes of the linear trend lines through the origin are important to evaluate the accuracy of the formula predicting the module temperature. For the factors of equation (1) x = 1, y is varying per month and z = 0 due to lack of accurate wind data. Table 1 includes the average slopes of all trend lines from the different technologies and setups over one year. These can be rounded to one if standard deviations are small which is the case. Where a-T ww is the slope of the linear trend line through the origin for the prediction of the module temperature at a certain moment. Av is the abbreviation for average and Stdev means standard deviation.
B. Prediction DC power
As previously explained the linear trend line through the origin gives acceptable results in comparison with other trend lines. The slope of this line is an important parameter to evaluate the accuracy of the formula.
In Table 2 the averaged slopes of the evaluation of the formula (4) to predict the instantaneous power are included. These are averages of the slopes per month from the whole period, except December. Where a-P ww is the slope of the linear trend line through the origin for the prediction of the instantaneous power from the formula without wind impact.
From Table 2 it can be derived that only the micro amorphous technology gives results that deviate more than five percent from 1. All other technologies give slopes within a fault margin of five percent, which is considered as acceptable. The standard deviation are small, so the results from each month of the year are comparable to each other.
For the micro amorphous technology, the average deviation for the fixed setup is about 9%. So the predicted values are about 9% too high in comparison with the actual values. For the tracker setup, the predicted values for the amorphous technology are about 15% too high. This difference is caused by a different sensitivity of the metering sensor and panel.
C. Sensitivity analysis
The results indicate that the formula is a good manner to predict the DC-power of solar modules, taking into account some technological and climatic factors. Based on this formula, the impact of each parameter can be theoretically determined. Each parameter has a constant value while one parameter is variable. In this way, the relation between the factor and the DC-power can be declared in general. Table 3 contains the constant values of all parameters of equation (4) for the analysis. The values are representative so the results of this analysis are comparable for individual analyses on the different technologies. The irradiation of 135 W/m² is a mean value for the coastal region in Belgium [6] . The impact of irradiation is not so clea small mean value of 135W/m² and the x-axi an increase of 100%. Consequently the impa on module temperature is also not high bec constant value of irradiation.
Factors
and have an direct pro on the yield. The temperature factors ha proportional impact on the yield.
IV. CONCLUSIONS
The formula for the prediction of the mo uses only two factors. In this study only amb and irradiation is taken into account. There with influence such as wind direction, wind air humidity. It can be concluded that, base ambient temperature and irradiation are the factors. Other factors will lead to a more ac model but are not required for accurate predic It can be concluded that the combined accurate prediction of the module yield exce technology. Fig. 10 shows a schematic summary of th the formula for prediction of instantaneous yi The prediction of the instantaneous DC panels as a function of technological and cli is a good representation to the reality. With impact of each parameter is clarified. 
